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ABSTRACT 

The following serum tumor markers are elevated above normal levels 
in 50 percent or more of patients with various malignant neoplasms: Alpha- 
fetoprotein in yolk sac tumors, hepatomas, retinoblastomas, embryonal 
carcinomas, breast carcinomas, and carcinomas of uterine cervix; Card- 
noemhryonic antigen in colon carcinomas, choriocarcinomas, pancreatic 
carcinomas, medullary thyroid carcinomas, osteosarcomas, retinoblasto- 
mas, ovarian cystademraircinomas, mycosis fungoides, hepatomasT esoph- 
ageal carcinomas, adenocarcinomas of uterine cervix, lung carcinomas, 
carcinomas of small intestine, urinary bladder carcinomas, and renal cell 
carcinomas; Human chorionic goimdotrophin in choriocarcinomas, malig- 
nant interstitial cell tumors of testis, non seminomatous tumors of testis, 
embryonal carcinomas, and pancreatic carcinomas. 

Combined use of these three markers increases the probability of find- 
ing one of them to be elevated in selected cases of malignancy. There will 
be further advances in biological markers for cancer, but the existancc of 
a specific marker is questionable. 



Introduction 



In the past, malignant neoplasms were 
distinguished from normal tissues mainly 
by the application of the classical mor- 
phological criteria as observed with the 
light microscope. Later, with the addi- 
tion of various histochemical and elec- 
tron microscopic procedures, particular 
kinds of cancers became more easily rec- 
ognized. 

More recently, in parallel with mor- 
phologic studies of cancers such as in- 
vestigations of ch romosonie abnormali- 



ties, the search for biochemical markers 
has intensified. From these investiga- 
tions, three groups of markers have 
emerged: oncofetal, tumor associated, 
and possibly tumor specific. 39 * 30 

Many efforts have been directed to- 
wards isolation of a tumor specific marker 
which could be measured and presented 
in qualitative and quantitative terms. Al- 
though many tumor specific markers have 
been suggested, extended studies have 
shown them to be nonspecific, either tu- 
mor associated or embryonal gene prod- 
ucts. There arc many such oncofetal and 
tumor associated markers. 
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Clinical Application of Universal 
Oncofetal Tumor Markers 

All tumor markers represent two sub- 
groups: universal, present in malignant 
neoplasms which are derived from any of 
the three germinal layers, and those with 
limited distribution. 2 *™ 

The best known and widely used uni- 
versal oncofetal tumor markers are al- 
phafetoprotein (AFP), carcinoembryonic 
antigen (CEA), and human chorionic go- 
nadotropin (HCG). They have been 
clinically used in the investigation of pa- 
tients with neoplasms of the liver, colon, 
and trophoblast, respectively. However, 
the universal nature of their presence in 
different malignant neoplasms is less well 
known, This property indicates the use 
of any of these three markers in the in- 
vestigation of patients with tumors other 
than those mentioned previously. Fur- 
thermore, testing for all three markers 
will increase the probability of detecting 
at least one as being produced by the 
tumor. The celt population in a given ma- 
lignant neoplasm is heterogenous and, 

TABLE I 

Incidence of Elevated serum Alpha -fetoprotein 
in Different Malignant Neoplasms 



Neoplasms 


Percent 


Number 


Yolk, sac tumors 


100 


* 


Hepatomast 


60 


9 


Retinoblas tcsaas t 


80 


39 


Bnbryooal earciaomaai 


73 


33 


Breast carcinomas 9 


59 


17 


Carcinomas of the uterine 


cervixS 57 


17 


Carcinomas of pancreas § 


23 


57 


Melanomas^ 


20 


40 


Gastric carcinonas§ 


15 


3& 


Basal- cell carcinomas 


13 


34 


Bronchogenic carcinoreas 


7 


57 


LeuXemias 


6 


40 


Colon carcinomas 


5 


57 


nasopharyngeal carcinomas 


2 


34 



*Klavins, J. V.* unpublished data, 1982. 

{Combined with carcinoembryonic antigen determina- 
tion - see table IV. 

f Combined with human chorionic q onadotxoph ia * see 
table V. 

^Combined with carcinoeabryonic antigen and human 
chorionic gonadotrophin - see table VII. 



TABLE II 

Incidence of Elevated Serum Carcinoeabryonic 
Antigen in Different Malignant Neoplasms 



Refetencv 

tfttoplasms Percent Number 



Coloo carcinomas 


100 




Choriocarcinomas* 




37 


ran I. & isa^^i* i»4»4t wauwiew j 


85 


43 


Mm A ill 1 * ^Vttp y>*>i A f.ir'^inniiLt^ 


as 


2^ 


Familial medullary thyroid 






carcinomas 


84 


*™ 


Os t eos ar comas 


61 


15 




80 


39 


Ovarian cystademocarcinoma5§ 


77 


26 


Mycosis £ungoidss 


1* 


1 


Hepatomas X 


70 


20 




70 




Adenocarcinomas of the uterine 








66 


28 


Lung carcinomas t 


67 




Carcinomas of small Intestine 


67 


24 




60 


60 


Renal cell carcinomas 


56 


14 


Neural crost tumors 


43 


19 


Breast care i nomas f 


42 


23 


Prostatic carcinomas? 


40 


13 


Primary uveal melanomas 


36 


38 


tieuroblas toaas 


35 


22 


Fluids with malignancy^ 


34 


48 


Semincmas§ 


33 


50 


Basal cell carcinomas 


33 


1 


Gastric carcinomasf 


33 


27 


Laryngeal carcinomas 


H- 


3 


Endometrial carcinoroas§ 


30 


54 


Uterine cervix intraepithelial 






carcinomas f 


2*J 


55 


Carcinomas of buccal mucosa 


27 


3 


Craniopharyngiomas 


25 


4 


Embryonal rhabdomyosarcomas 


24 


22 


Carcinomas of oropharynx 


23 


3 


Brain tumors 


22 


41 


Testicular teratomas 


a 


36 



•Human chorionic gonadotroph in is more Rpncific for 
this tumor 

| Combined with alpha- fetoprotein and human chorionic 

gonadotrophin - see table VH. 
(Combined with alpha-f etoprotcin - a«e table IV. 
^Combined with human chorionic gonadotrophin - sec 

table VI. 

f Prostatic acid phosphatase is more specific 
for this tumor. 

therefore, the production of markers is 
variable not only in their quantity but in 
the kind of the gene product being ex- 
pressed. 

As indicated in table I, serum AFP is 
elevated above normal values in all pa- 
tients with yolk sac tumors and in 80 
percent of patients with hepatomas and 
retinoblastomas. This marker can be de- 
tected in sera of patients with other can- 
cers as well. 

The incidence of elevated serum CEA 
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100 


ia 


't 


100 


37 


es 


43 


rcinomaa 


es 


21 


lyroid 








84 


11 




61 


15 




80 


39 


dnoaas§ 


77 


26 




75 


1 




70 


20 




70 


2 


a uterine 








60 


2a 




67 


6 


nt es tine 


67 


24 


nomas § 


£0 


60 




56 


14 




43 • 


19 




42 


23 




40 


13 


ax 


36 


38 




35 


22 


yfi 


34 


46 




3.1 


SO 




33 


1 




32 


27 




31 


3 


sS 


30 


S4 


plthalial 








29 


55 


mucosa 


27 


3 




35 


4 


rcoroas 


24 


22 


ynx 


23 


3 




22 


41 




9 


56 



4otPQphi.il is store specific for 

fetoprotein and human chorionic 
table VI t. 

fetoprotein - see table IV. 
chorionic gonadotroph in - see 

hatase is raoce specific 



rod uc Hon of markers is 
' in their quantity but in 
gene product being ex- 

n table I, serum AFP is 
lormal values in all pa- 
sac tumors and in 80 
its with hepatomas and 
This marker can be de- 
patients with other can- 

of elevated serum CEA 
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in different malignant neoplasms is listed 
in table II. Although used alone, it is a 
useful marker for colon carcinomas; it can 
also be used by itself and in combination 
with additional tumor markers for the in- 
vestigation of other neoplasms. For ex- 
ample, in pancreatic carcinoma, a tumor 
difficult to diagnose, serum CEA is ele- 
vated in 85 percent, HCG in 50 percent 
and AFP in 23 percent of the patients. 
Thus, measurement of all three markers 
increases the probability that abnormal 
amounts of one of them might be de- 
tected. 

Human chorionic gonadotrophs, as 
can be seen from table III, is also a 
marker for tumors other than those of 
germ cell origin. 

The probability of detecting in pa- 
tients' serum a marker for a given neo- 
plasm increases with the use of a com- 

TABLE III 

Incidence of Elevated Serum Human Chorionic 





Gonadotrophin in Different Malignant Neoplasms 


\:x - 






Reference 




Ntrv plasms 


Percent 


Number 




Choriocarcinomas 


100 


* 




Malignant interstitial cell 








tumors of testis 


100 


52 




Kon serai noma to us tumors 








of testis! 


68 


25 




Embryonal carcinomast 


56 


10 




Pancreatic carcinomas^ 


50 


10 




Teratomas 


44 


* 




Ovarian adenocarcinomas § 


40 


53 




Uterine cervix carcinomas} 


31 


45 




Endometrial carcinomas § 


24 


45 




Semi nomas § 


24 


7 




Gastric carcinomas^ 


24 


10 




Urinary bladder carcinomas § . 


22 


12 




Breast carcinomas % 


21 


53 




Colorectal carcinomas? 


16 


12 




Bronchogenic squamous cell 






f. 


carcinomas! 


14 


12 




Melanomas f 


10 


10 




Multiple myelomas 


6 


10 



•Xlavins, J.V., unpublished data, 1982. 
■("Combined with alpha- fetoprotein - see table V, 

"Nan seminoma tous germ cell tumors" 
^Combined with alpha- fetoprotein and carcino- 

embryonic antigen - see table VII. 
§Combined with carcinoembryonic antigen - see 

table VI. 

f Carcinoembryonic antigen is more specific for 
this tumor. 



TABLE IV 



Suggested Combined Use of Alpha- fetoprotein 
and Carcinoembryonic Antigen 





Incidence 


in Percent 


Haoplaam 


APP 


CEA 


Ratinoh 1 as comas 


80 


80 


Hepatomas 


80 


70 



blnation. 31 * 35 Various combinations to de- 
tect a marker for certain tumors arc 
indicated in tables IV, V, VI, and VII. 

A universal oncofetal turnor marker 
widely used in Europe, but not yet in 
the United States, is tissue polypeptide 
antigen. 8 It is associated with cell prolif- 
eration and is not specific for any species. 

Future Prospects 

The ideal marker would be one that 
is specific and universal. Such a marker 
may not exist if malignant transformation 
is not associated with the expression of a 
unique gene product by all kinds of 
transformed cells, A potential specific 
marker for certain T cell leukemias and 
lymphomas has been recently de- 
scribed. 49 It is a human oncogenic ribo- 
nucleic acid virus. Thus, the existence of 
a specific marker with a limited distri- 
bution is established. This marker de- 
viates from the general definition of tu- 
mor markers 2 * because it is not a product 

TABLE V 

Suggested Combined Use of Alpha- fetoprotein 
and Human Chorionic Gonadotrophin 



Neoplasm 


Incidence in Percent 


AFP 


HCG 


£ItJ»r AFP 
or HCG 


Refer- 
ence 


Non seminoma tous 










germ cell tumors 


GO 


68 


94 


25 


Primary intracranial 










germ cell tumors 


36 


29 


50 


5 


Melanomas 


20 


10 
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TABLE VI 

Suggested Combined Use of drcinoembryonic 
Antigen and Human Chorionic Gonadotroph in 



Incidence in Percent 



fcicher CEA Refer- 



Neoplasm 


CFA 


HCC or BCC 


ence 


Fluids with 








malignancy 


47 


36 69 


16 


Ovarian carcinomas 


11 


40 




Urinary bladder 








carcinomas 


60 


22 




Seminomas 


33 


24 




Endometrial 








carcinomas 


30 


24 





of a tumor but is a non -endogenous type 
C retrovirus.' 17 

It is probable that there is no expres- 
sion of a unique cellular gene product 
but that there is an augmented produc- 
tion of certain oncogene or one protein 
which characterizes the malignant phe- 
notype. 38 This exaggerated expression 
would certainly appear to be determined 
by some alteration in the genetic struc- 
ture of the transformed cells. The onco- 
gene might be a gene regulating, in some 
way, the embryonic differentiation of its 
product which, subsequently expressed 
in excess, would produce the cancer 
phenotype. 

The possibility of a unique site of ge- 
netic alteration is suggested by the ex- 
periments of Shilo and Weinberg 51 who 
found the transforming gene was com- 

TABLE VII 

Suggested Combined Use of Alpha -fetoprotein. 
Care ino embryonic Ami gen and 
Human Chorionic Gonadotropin 



Incidence in Percent 



Neoplasm 


APP 


CEA 


HCG 


Pancreatic carcinomas 


23 


85 


SO 


Carcinomas of the 








uterine cervix 


57 


60 


31 


Breast carcinomas 


59 


42 


21 


Bronchogenic carcinomas 


7 


67 


14 


Gastric carcinomas 


15 


32 


24 



nion for four, independently produced 3- 
methylcholanthrene transformed mouse 
fibroblast lines, and the carcinogen led 
to the activition of a specified gene. In 
such an experimental model, mouse fi- 
broblasts are maintained in culture for an 
indefinite growth. Thus, they may al- 
ready be preconditioned for the transfor- 
mation event to take place. 

Recently, Pemcho and associates 46 have 
shown that there are closely related or 
identical transforming genes in deoxyri- 
bonucleic acid (DNA) of one human co- 
Ion and two lung carcinomas. On the 
other hand, a cell line from a bladder 
carcinoma in the experiments contained 
a different transforming gene from an- j 
other cell line studied earlier. 33 There is 
also evidence of the presence of separate 
different oncogenes for other human ma- 
lignant neoplasms. 42 

Some new tumor markers may be de- 
tected by transection studies using tu- 
mor DNA. One such tumor associated 
protein, induced by a transforming DNA 
of rat neuroblastomas and glioblastomas, 
is a 185,000 dalton phosphoprotein. 44 
More recently,™ evidence has been ob- 
tained of a unique oncogene with a cor- 
respondingly abnormal protein in blad- 
der carcinoma. This might be a specific 
tumor marker, if future studies do not 
detect a similar entity in normal em- 
bryonal cells. 
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Abstract Oncogenes are formed in human tumors as a result of mutations or DNA rearrangements leading to the 
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It is now widely recognized that human 
tumors result from accumulated genetic 
damage leading to the activation of 
oncogenes and the loss or inactivation of 
tumor suppressor genes. Since mutations in 
these genes represent critical events in 
tumorigenesis, it is reasonable to expect 
that such mutations might also prove useful 
as markers of tumor development. This 
article will provide a brief review of 
oncogenes and discuss their potential 
application as early markers of neoplasia. 
In considering the applicability of 
oncogenes as markers of tumor development, 
at least three points need to be addressed: 
1) How frequently are specific oncogenes 
activated in different types of tumors?, 2) 
At what stage of tumor development does 
oncogene activation occur?, and 3) How 
readily can oncogene activation be 
detected? 

HBCBANISM5 OF CHtUHAR ONCOGENE ACET?ATICK 

Oncogenes * were first identified as 
specific genes of acutely transforming 
retroviruses that induced transformation of 
virus-infected cells. Subsequently/ 
cellular oncogenes were identified by three 
approaches: (l) as homologs of retroviral 
oncogenes, (2) as genes that induce 
transformation upon introduction into 
appropriate recipient cells by transfection, 
and (3) as genes that are frequently altered 
in tumors by DNA rearrangement or 
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amplification. Together, these approaches 
have identified more than 70 cellular genes, 
that, as activated oncogenes, can induce at 
least some aspects of the tumorigenic 
phenotype [1], 

Oncogenes are formed from normal reiinlar 
genes (proto-oncogenes) as a consequence of 
genetic alterations that result in either 
abnormal gene expression or the synthesis of 
altered proteins. In some cases, altered 
expression of a normal gene product is 
sufficient to c on vert a proto-oncogene to a 
biologically active oncogene. In other 
cases, the oncogene proteins differ in 
structure and function from those encoded by 
proto-oncogenes. The mechanisms by which 
oncogenes are activated in tumors is an 
important consideration in terms of their 
potential detection as early markers of 
tumor development. 

One mechanism that can result in elevated 
expression of an oncogene is gene 
amplification, which results in an increased 
number of gene copies per cell. Elevated 
gene expression is then a direct result of 
an increased number of templates available 
far transcription. In this case, there are 
no distinct structural differences between 
the oncogene and the proto-oncogene. 
Consequently, detection of an amplified 
oncogene is possible only by quantitation of 
copy number in tumor cells. 

Alternatively, abnormal gene expression 
can result from DNA rearrangements, such as 
chromosome translocations. The prototype 
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example of oncogene activation by this 
mechanism is translocation of the c-mvc gene 
in Burkitt's lynqahcanas from its normal locus 
an chromosome 8 to one of the immunoglobulin 
gene loci on chromosomes 2, 14, and 22 [2], 
This results in a loss of normal gene 
regulation, leading to constitutive 
expression of the normal c-myc protein. The 
translocations resulting in activation of c- 
mvc, and other oncogenes that are 
deregulated in a similar manner, can occur 
over a broad region of DNA. Thus, like gene 
amplification, these translocations do not 
result in the formation of a distinct 
molecular marker of oncogene activation. 

Other translocations, however, result in 
the formation of oncogenes that have 
suffered reproducible structural 

alterations, leading to formation of an 
altered gene product. These oncogenes 
encode recombinant fusion proteins, formed 
by recombination between coding sequences of 
two distinct genes. The activation of the 
abl oncogene by the Philadelphia 
translocation in chronic myelogenous 
leukemia is an example of such a DNA 
rearrangement [3] . In this translocation, 
the abl proto-cncogene from chromosome 9 
reccmbines with another gene, bcr . an 
chranoscaDe 22. As a result of this 
rearrangement, the airrino— terminal sequences 
of abl are deleted and replaced with bcr 
coding sequences. The recombinant bcr/abl 
oncogene protein functions in an 
uncontrolled manner, leading to the 
development of neoplasia. Since the 
recombination event occurs in a defined 
region of both the abl and bcr genes, the 
recombinant transcript represents a unique 
fusion between abl and bcr sequences. 
Consequently, the oncogene bcr/abl iriRNA can 
be sensitively detected using polymerase 
chain reaction (PGR) primers that span the 
recombination site [4]. Similar DNA 
rearrangements lead to the activation of 
several other oncogenes in human tumors, 
including the retinoic acid receptor in 
acute pranyelocytic leukemias [5,6]. 

Other oncogenes are activated by point 
imitations rather than DNA rearrangements. 
The^ ras oncogenes, for example, are 
activated by point mutations leading to 
single amino acid substitutions at critical 
positions in the ras gene products [7]. 
Such single amino acid substitutions result 
in deregulation of ras pr o t e in function, 
converting a normally regulated proto- 
oncogene protein into an oncogene protein 
that is canstitutively active. Similar 
point mutations are resp on sible for 



activation of the asp and crip oncogenes in 
seme hormone-responsive human tumors [8]. 
Such point mutations can also be sensitively 
detected by PCR analysis, using mutation- 
specific PCR primers or oligonucleotide 
probes [9], 



CMUX2NE FCNCTTCK5 

Most prcto-anoogenes are normally 
expressed in a wide variety of cell types, 
where they function to regulate normal cell 
proliferation in response to mitogenic 
stimuli. The proteins encoded by almost all 
of the characterized oncogenes" can be 
divided into five functional groups, which 
act as regulatory elements in signal 
transduction pathways leading to cell 
proliferation (Table 1) [10]. Whereas the 
protc-oncogene products function in normal 
cell proliferation, the unregulated 
expression or activity of the oncogene 
proteins leads to a loss of normal growth 
control and tumor development. 

First, a number of oncogenes encode 
extracellular growth factors. The prototype 
of this group of oncogenes is sis , the 
oncogene of simian sarcoma virus, which 
encodes the B chain of platelet-derived 
growth factor. Other members of this group 
of oncogenes include several members of the 
fibroblast growth factor family and 
hematopoietic growth factors. Transform- 
ation by these oncogenes is a consequence of 
abnormal growth factor expression by a 
responsive . cell, leading to autocrine 
sti mu la t ion of cell growth. 

The second major group of oncogenes encode 
protein-tyros ine kinases. There are two 
c l asses of these proteins. The receptor 
protein kinases are nmbrane-spanning 
molecules that function as growth factor 
receptors. The erbB oncogene, which is 
derived from the BGF receptor, is the 
prototype of this group. A closely related 
gene, erb B-2, is frequently amplified in 
human breast and ovarian carcinomas [11]. 
Other receptor protein-tyrosine kinases 
include ret and trk, which are frequently 
activated in human thyroid carcinomas 
[12,13]. The nonreceptor protein-tyrosine 
kinases, including abl . are intracellular 
molecules. Many of these proteins are 
associated with the inner face of the plasma 
membrane where they may function in 
ncncovalent association with r*»ii surface 
receptors. 

The third group of oncogene proteins, 
guanine nucleotide binding proteins, 
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includes the ras gene products, which are 
the oncogenes most frequently activated in 
human tumors [14]. The ras proteins are 
localized to the inner face of the plasma 
membrane and are thought to function in 
signal transduction from growth factor 
receptors to second messengers, which still 
remain unidentified in mammalian cells. The 
activity of the ras proteins is c on trolled 
by CTP/C3DP binding and hydrolysis, analogous 
to the G proteins that serve to regulate 
adenylate cyclase and other enzymes 
affecting the mptahol i sm of intracellular 
second messengers [15,16]. The genes 
encoding Gs and Gi, asp and gip, also act as 
oncogenes in same hormone-responsive cells, 
such as ovarian and pituitary tumors. 

Other oncogenes encode protein- 
s^ine/threanine kinases that are cytosolic 
enzymes. These oncogenes include members of 
the raf family, which are activated in 
response to growth factor stimulation of a 
variety of cell types [17] . 

Finally, a large number of oncogenes 
encode nuclear proteins, many of which have 
been shown to function as transcriptional 
regulatory factors [18]. These include the 
fos and iun oncog e ne products, which 
comprise the AP-1 transcription factor, as 
well as members of the mvc gene family, 
which are frequently activated by DMA 
rearrangement or gene amplification in a 
variety of human neoplasms. The ertA 
oncogene, which encodes thyroid hormone 
receptor, and the RAR oncogene, which 
e nc od e s retinoic acid receptor, are also 
members of this group. 

Most, oncogene products can thus be viewed 
as regulatory elements in intracellular 
signal transduction pathways leading to ceil 



Representative Oncogenes 

sis, FGF, int-1. int-2, hst. fgf-5, 
TL-2, H>3, CSF-1, GM-CSF 

erfaB, erfcB-2. fms . res . trk P met , 

kit , ret, sea 
sre, y^, fgr, Ids, fyn , Ivn . hdc, 

abl, fes 
rasH. rasK, rasN, gip, crsp 
mos, pim-l f c-raf . A-raf . B-raf 
ertA, c-iun, iun-B. iun-D. c-fos. 

fra-1, fos -B. c -myc . L -myc 
N -mvc , myb. ets, E2A . RAR . 
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proliferation. Extracellular growth factors 
act to stimulate the enzymatic activity of 
receptor protein-tyrosine kinases, which 
then transmit a mitogenic signal via 
activation of ras gene products, the raf 
^proteinr-serine/threonine kinase, and 
phosphblipase C, resulting in formation of 
diacylglyoerol and activation of protein 
kinase C. The activity of these cytosolic 
protein-serine/threbnine kinases ultimately 
affects the activity and expression of 
transcriptional regulatory proteins in the 
nucleus, leading to changes in gene 
expression and cell division. 



CNOOGBQ25 IN KNBNT OTCRS 

Although more than 70 oncogenes have been 
identified, not all of these are frequently 
encountered in human neoplasms. Reproduc- 
ible activation of about 20 oncogenes has so 
far been described in human turners, and 
these genes, which represent potential 
markers of human neoplasia, are indicated in 
Table 2. 

Same of these oncogenes are activated 
highly reproducibly in specific types of 
tumors, and their activation appears to play 
a role in the genesis of nearly all 
individual neoplasms of these types. Such 
oncogenes include abl in chronic myelogenous 
leukemia, bcl -2 in follicular B-cell 
lymphomas, c-myc in Burkitt's lymphomas, and 
the retinoic acid receptor (RAR) in acute 
promyelocytic leukemia. Other oncogenes are 
activated in only a fraction of individual 
neoplasms of the types of tumor s in which 
they are involved, including the ras genes 
in colon and lung carcinomas. In some 
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TEBLE H. Oncogenes Activated in Bran Taactrs 



Oncogene 



Neoplasm 



Activation Mechanism 



abl 

bcl-2 

bcl-3 

can 

E2A 

erbB-2 

crip ' 

ali 



hox-11 

m 

c- myc 

N- itryc 

L -myc 

RAR 

rasH 

ras K 

rasN 

ret 

rhom 

scl 

tan 

trk 



chronic myelogenous leukemia 

acute lyn^fcocytic leukemia ' 

follicular B^cell lyngphcma 

chronic B-cell leukemia 

acute nonlyiiphocytic leukemia 

acute lyriphocytic leukemia 

breast and ovarian carcinoma 

adrenal cortical and ovarian carcinoma 

glioblastoma 

pituitary carcinomas 

acute lymphocytic leukemia 

acute lynqAccytic leukemia 

Burkitt's lymphoma 

breast and ling carcinoma 

neuroblastoma, lung carcinoma 

lung carcinoma 

acute promyelocyte leukemia 

thyroid carcinoma 

colon, lung, pancreatic, and 

thyroid carcinomas 
acute myeloid and lymphoid leukemia 

thyroid carcinomas 
thyroid carcinoma 
acute lynphocytic leukemia 
acute stem cell leukemia 
acute lymphocytic leukemia 
thyroid carcinoma 



translocation 

translocation 

translocation 

translocation 

translocation 

amplification 

point mutation 

amplification 

point mutation 

translocation 

translocation 

translocation 

amplification 

amplification 

amplification 

translocation 

point mutation 

point mutation 

point mutation 

rearrangement 
translocation 
translocation 
translocation 
rearrangement 



cases, activation of these oncogenes is 
correlated with differences in tumor 
behavior. For example, amplification of N- 
myc in neuroblastomas is found in more 
aggressive tumors and is correlated with 
progression to increasing malignancy [19] . 
Amplification of erbB-2 is similarly 
correlated with the malignancy of breast and 
ovarian carcinomas [11]. 

Different oncogenes are often involved in 
different stages of tumor development. 
Carcinogenesis is clearly a multistep 
process, which frequently occurs as a 
consequence of araimnlated damage to both 
oncogenes and tumor suppressor genes. Seme 
oncogenes are involved in early stages of 
tumarigenesis, whereas others appear to be 
involved in later stages of tumor 
progression. In several types of neoplasms, 
ras oncogenes appear to play a role in early 
stages of tumarigenesis. For exanple, ras 
oncogenes are activated by mutations 
characteristic of those induced by the 
initiating* carcinogen in a variety of 
experimental animal tumors, suggesting that 
ras genes are targets far carcinogen-induced 



mutations at the initiation stage of tumor 
development [7]. likewise, ras oncogenes 
are activated at early stages of the 
development of several human neoplasms, in 
colorectal carcinomas, for example, 
activation of ras K and inactivation of the 
AFC arid MDC tumor suppressor genes appear to 
be early events leading to the development 
of premalignant adenomas, whereas inactiva- 
tion of the DOC and p53 tumor suppressor 
genes usually occurs at later stages of 
progression to malignancy [20]. Activation 
of ras oncogenes similarly appears to occur 
as an early event, preceding malignancy, in 
thyroid carcinomas and some leukemias 
[7,14]. in addition, ras oncogenes are 
characterized by different mutations in 
different types of cancers (e.g., colon and 
lung carcinomas) , suggesting that ras genes 
may be targets for carcinogen-induced 
imitations ^ in these human tumors as well as 
in experimental animal neoplasms [ 14 ] . 
Detection of ras oncogene mutations may 
therefore provide a marker far early stages 
of development of a significant fraction of 
human cancers. 
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In contrast, other oncogenes appear to be 
involved in later stages of tumor 
progression. These oncogenes include N -mvc 
in neuroblastomas; c -myc , N -myc . and L -myc 
in lung carcinomas; and erbB-2 in breast and 
ovarian carcinomas. Since these oncogenes 
are activated relatively late in txnrnr 
progression, they do not constitute markers 
suitable for early detection. 

EARLY I WlH TICK OF HTJHAN TOCRS 

In solid tumors, the ras genes provide the 
most likely early detection markers, being 
frequently activated in colon, lung, 
pancreatic , and thyroid mTrinmag . in 
addition to their activation at early stages 
of tumor development, the mutations 
responsible far ras oncogene formation can 
be readily detected in small amounts of 
material using PCR amplification [9]. For 
example, it has been possible to detect ras 
mutations in mammary glands two weeks after 
exposure to the chemical carcinogen 
rutrosoraethy lurea , well before the onset of 
neoplasia [21]. The sensitivity of current 
methods for detection of mutations in ras 
has been estimated to be sufficient to 
detect one mutant gene in the presence of 
10 5 normal alleles [9] . Thus, analysis of 
mutant ras genes provides a sensitive assay 
for early events in carcinogenesis. The 
erbB-2 oncogene, in contrast, is amplified 
at late stages of tumor progression, as 
discussed above. Moreover, since its 
activity as an oncogene results from gene 
amplification rather than from distinct 
mutations, sensitivity of detection would 
pose a problem. 

Hie ras oncogenes might also be used far 
early detection of some acute leukemias. In 
these hematopoietic neoplasms, however, a 
number of other oncog en es have aim been 
identified [22] . in several cases, these 
genes are activated by chromosome 
translocations that result in formation of 
recombinant fusion proteins . Examples 
include the activation of abl in chronic 
myelogenous leukemia and RAR in acute 
pronyelocytic ' leukemia [3,5,6]. These 
oncogenes can be detected with high 
sensitivity by PCR analysis of cENAs using 
primers that span the recombination sites 
joining sequences that were unlinked in 
normal cells— for example, the recombination 
site between bcr and abl sequences in* the 
bcr/abl recombinant transcript. Detection 
of this rearrangement is already being used 
to monitor recurrence of leukemia following 
treatment of chronic myelogenous leukemia 



patients [4], and could provide an assay 
suitable for early detection as well. Thus, 
in the leukemias and lymphomas, a number of 
oncogenes activated as recombinant fusion 
proteins are candidate markers for early 
di se as e detection. 
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Serum Tumor Markers 

GREG L. PERKINS, M.D., EVAN D. SLATER, M.D., GEORGANNE K. SANDERS, M.D., 
.and JOHN G. PRICHARD, M.D., Ventura County Medical Center, Ventura, California 



Monoclonal antibodies are used to detect serum antigens associated with specific malig- 
nancies. These tumor markers are most useful for monitoring response to therapy and 
detecting early relapse. With the exception of prostate-specific antigen (PSA), tumor mark- 
ers do not have sufficient sensitivity or specificity for use in screening. Cancer antigen (CA) 
27.29 most frequently is used to follow response to therapy in patients with metastatic 
breast cancer. Carcinoembryonic antigen is used to detect relapse of colorectal cancer, and 
CA 19-9 may be helpful in establishing the nature of pancreatic masses. CA 125 is useful for 
evaluating pelvic masses in postmenopausal women, monitoring response to therapy in 
women with ovarian cancer, and detecting recurrence of this malignancy. Alpha-fetopro- 
tein (AFP), a marker for hepatocellular carcinoma, sometimes is used to screen highly 
selected populations and to assess hepatic masses in patients at particular risk for devel- 
oping hepatic malignancy. Testing for the beta subunit of human chorionic gonadotropin 
(3-hCG) is an integral part of the diagnosis and management of gestational trophoblastic 
disease. Combined AFP and p-hCG testing is an essential adjunct in the evaluation and 
treatment of nonseminomatous germ cell tumors, and in monitoring the response to ther- 
apy. AFP and (3-hCG also may be useful in evaluating potential origins of poorly differenti- 
ated metastatic cancer. PSA is used to screen for prostate cancer, detect recurrence of the 
malignancy, and evaluate specific syndromes of adenocarcinoma of unknown primary. (Am 
Fam Physician 2003;68:1075-82. Copyright© 2003 American Academy of Family Physicians.) 
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Because family physicians are 
assuming a greater role in 
caring for patients with 
cancer, an understanding of 
tumor markers is becoming 
increasingly important. These soluble 
molecules in the blood are usually glyco- 
proteins detected by monoclonal anti- 
bodies. Each tumor marker has a variable 
profile of usefulness for screening, deter- 
rnining diagnosis and prognosis, assess- 
ing response to therapy, and monitoring 
for cancer recurrence. 

This article describes the use of com- 
mon tumor markers in primary care 
practice. Particular emphasis is given to 
when these tests should be ordered and to 
common factors that influence the inter- 
pretation of tumor marker levels. 

Role of Tumor Markers 

Screening tests require high sensitivity 
to detect early-stage disease. These tests 
also must have sufficient specificity to 
protect patients with false-positive 



results from unwarranted diagnostic 
evaluations. 

To date, no tumor marker has demon- 
strated a survival benefit in randomized 
controlled trials of screening in the gen- 
eral population. Nevertheless, tumor 
markers can play a crucial role in detect- 
ing disease and assessing response to 
therapy in selected groups of patients. In 
monitoring patients for disease recur- 
rence, tumor marker levels should be 
determined only when there is a potential 
for meaningful treatment. 

Normalization of tumor marker values 
may indicate cure despite radiographic 
evidence of persistent disease. In this cir- 
cumstance, the residual tumor is fre- 
quently nonviable. Conversely, tumor 
marker levels may rise after effective treat- 
ment (possibly related to cell lysis), but 
the increase may not portend treatment 
failure. However, a consistent increase in 
tumor marker levels, coupled with lack of 
clinical improvement, may indicate treat- 
ment failure. Residual elevation after 
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TABLE 1 

Conditions Associated with Elevated Tumor Marker Levels 



Normal 
Tumor marker value 



Primary tumor(s) 



Additional associated 
malignancies 



Benign conditions 



CA 27.29 1 - 2 



< 38 units per mL Breast cancer 



Colon, gastric, hepatic, lung, 
. pancreatic, ovarian.^and 
prostate cancers 



Breast, liver, and kidney disorders, 
„ovarian cysts 




CA 1 9-9 5 < 37 units per mL 



Pancreatic cancer, 
biliary tract cancers 



Colon, esophageal, 
and hepatic cancers 



Pancreatitis, biliary disease, cirrhosis 




(1-hCG 7 - 8 



< 5 mlU per mL 



Nonseminomatous germ 
cell tumors, gestational 
trophoblastic disease 



Rarely, gastrointestinal cancers 



Hypogonadal states, marijuana use 



PSA 12 * 14 



■^65^unitsmer^nife^Cwainamcancer ■ * > 



^1- 



s:^s£ndometna§fallopian|tube^l^; 



<4 ng per mL Prostate cancer None 

for screening 
Undetectable level 

after radical 

prostatectomy 




Prostatitis, benign prostatic hypertrophy, 
prostatic trauma, after ejaculation 



CA = cancer antigen; CEA - carcinoembryonic antigen; AFP = alpha-fetoprotein; p-hCG = beta subunit of human chorionic gonadotropin; 
PSA - prostate-specific antigen. 

* — 77ie greatest possible sensitivity is 95 percent given that 5% of the population have Lewis-null blood type and are unable to produce the antigen. 
Information from references 1 through 14. 



definitive treatment usually indicates persistent disease. Fol- 
lowing tumor marker response is particularly useful when 
other evidence of disease is not readily accessible. 

Cancer Antigen 27.29 

Cancer antigen (CA) 27.29 is a monoclonal antibody to 
a glycoprotein (MUC1) that is present on the apical surface 
of normal epithelial cells. CA 27.29 is highly associated 
with breast cancer, although levels are elevated in several 
other malignancies (Table iJ. M4 CA 27.29 also can be 
found in patients with benign disorders of the breast, liver, 
and kidney, and in patients with ovarian cysts. However, 
CA 27.29 levels higher than 100 units per mL are rare in 
benign conditions. 1 

Because of superior sensitivity and specificity, CA 27.29 
has supplanted CA 15-3 as the preferred tumor marker in 
breast cancer. The CA 27.29 level is elevated in approxi- 
mately one third of women with early-stage breast cancer 



(stage I or II) and in two thirds of women with late-stage 
disease (stage III or IV). 2 CA 27.29 lacks predictive value in 
the earliest stages of breast cancer and thus has no role in 
screening for or diagnosing the malignancy. 

Disagreement exists about the ability of CA 27.29 to 
detect asymptomatic recurrence after curative treatment. 
One trial 1 in patients at high risk for recurrence of breast 
cancer (stage II or IH) found that CA 27.29 was highly spe- 
cific and sensitive in detecting preclinical metastasis. The 
average time from initial elevation of CA 27.29 to onset of 
symptoms was five months. Because CA 27.29 testing may 
lead to prompt imaging of probable sites of metastasis, it 
may be possible to decrease morbidity through earlier 
institution of therapy. 

Carcinoembryonic Antigen 

Carcinoembryonic antigen (CEA), an oncofetal glycopro- 
tein, is expressed in normal mucosal cells and overexpressed 
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Level above which 
benign disease 
is unlikely 



Sensitivity 



> 1 00 units per mL Elevated in about 33% of early-stage breast 
cancers and about 67% of late-stage 
breast cancers 




Elevated in 80% to 90% of pancreatic cancers 
and 60% to 70% of biliary tract cancers* 




> 30 mlU per mL 7 



AFP or p-hCG elevated in 85% of 
nonseminomatous germ cell tumors; 
elevated in only 20% of early-stage 
nonseminomatous germ cell tumors 




> 10 ng per mL 12 



Elevated in more than 75 percent of 
organ-confined prostate cancers 14 



in adenocarcinoma, especially colorectal cancer (Table IJ. 114 
CEA elevations also occur with other malignancies. Non- 
neoplastic conditions associated with elevated CEA levels 
include cigarette smoking, peptic ulcer disease, inflamma- 
tory bowel disease, pancreatitis, hypothyroidism, biliary 
obstruction, and cirrhosis. Levels exceeding 10 ng per mL 
are rarely due to benign disease. 3 

Fewer than 25 percent of patients with disease confined 
to the colon have an elevated CEA level. Sensitivity 
increases with advancing tumor stage: CEA values are ele- 
vated in approximately 50 percent of patients with tumor 
extension to lymph nodes and 75 percent of patients with 
distant metastasis. 4 The highest values (above 100 ng per 
mL) occur with metastasis, 15 although poorly differenti- 
ated tumors are less likely to produce CEA. 4 

CEA is not useful in screening for colorectal cancer or in 
the diagnostic evaluation of an undefined illness. A CEA 
level should be ordered only after malignancy has been 



confirmed. CEA levels typically return to normal within 
four to six weeks after successful surgical resection. 3 

The major role for CEA levels is in following patients for 
relapse after intended curative treatment of colorectal can- 
cer. When patients with a normal preoperative CEA level 
have cancer recurrence, CEA elevation is a sign in nearly 
one half of them 4 

The American Society of Clinical Oncology recom- 
mends monitoring CEA levels every two to three months 
for at least two years in patients with stage II or III disease 
who are surgical candidates. 16 [Evidence level C, consen- 
sus/expert guidelines] When an abnormal level is found, 
the test should be repeated; if CEA elevation is confirmed, 
patients should undergo imaging of potential recurrence 
sites. Local recurrence or limited metastasis to liver or lung 
can be resected with curative intent Clinical trials exam- 
ined in one meta-analysis 17 demonstrated a 9 percent 
(absolute value) improvement in survival after five years in 
patients who underwent CEA monitoring as part of post- 
treatment management. 

Cancer Antigen 19-9 

Elevated levels of CA 19-9, an intracellular adhesion mol- 
ecule, occur primarily in patients with pancreatic and biliary 
tract cancers but also have been reported in patients with 
other malignancies (Table l). 1 ' 14 This tumor marker has a 
sensitivity and specificity of 80 to 90 percent for pancreatic 
cancer and a sensitivity of 60 to 70 percent for biliary tract 
cancer. Benign conditions such as cirrhosis, cholestasis, 
cholangitis, and pancreatitis also result in CA 19-9 elevations, 
although values are usually less than 1,000 units per mL. 5 

Patients with Lewis-null blood type do not produce 
CA 19-9. Thus, about 5 percent of persons are unable to 
produce this antigen. 5 

Use of CA 19-9 is limited. The antigen has no value in 
screening because its positive predictive value is less than 
1 percent. 18 However, the positive predictive value of levels 
over 1,000 units per mL is 97 percent when CA 19-9 test- 
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ing is used in clinical situations that are consistent with 
pancreatic cancer (e.g., jaundice associated with a pancre- 
atic mass). Furthermore, CA 19-9 levels above 1,000 units 
per mL predict the presence of metastatic disease. 5 

Alpha-Fetoprotein 

Alpha-fetoprotein (AFP) is the major protein of fetal 
serum but fells to an undetectable level after birth. The pri- 
mary malignancies associated with AFP elevations are hepa- 
tocellular carcinoma and nonseminomatous germ cell 
tumors. Other gastrointestinal cancers occasionally cause ele- 
vations of AFP, but rarely to greater than 1,000 ng per mL 6 

Patients with cirrhosis or viral hepatitis may have abnor- 
mal AFP values, although usually less than 500 ng per mL. 
Pregnancy also is associated with elevated AFP levels, par- 
ticularly if the pregnancy is complicated by a spinal cord 
defect or other abnormality. 6 

AFP levels are abnormal in 80 percent of patients with 
hepatocellular carcinoma and exceed 1,000 ng per mL in 
40 percent of patients with this cancer. 6 Although ran- 
domized controlled trials have not shown mortality risk 
benefit, the use of AFP in hepatocellular carcinoma screen- 
ing continues to be debated. Retrospective studies 19 * 20 in 
Asia showed improved survival with AFP screening, but 
the findings of this study have not been duplicated. 

Some experts use annual AFP and ultrasound screening 
in patients with well-compensated nonalcohol-induced 
cirrhosis. 20 In patients with a hepatic mass and risk factors 
for hepatocellular carcinoma, an AFP level above 500 ng 
per mL is often used in lieu of biopsy to diagnose hepato- 
cellular carcinoma. 6 



Both AFP and 0-hCG play crucial roles in the manage- 
ment of patients with nonseminomatous germ cell tumors. 
The AFP or P-hCG level is elevated in 85 percent of patients 
with these tumors (Table 1J, 1M but in only 20 percent of 
patients with stage I disease. 8 Hence, these markers have no 
role in screening. Marked elevations of AFP or 0-hCG are 
associated with very few disease states ( Table 2). 

In patients with extragonadal disease or metastasis at the 
time of diagnosis, highly elevated AFP or (3-hCG values 
can be used in place of biopsy to establish a diagnosis of 
nonseminomatous germ cell tumor. AFP values in excess 
of 10,000 ng per mL or p-hCG levels above 50,000 mlU 
per mL at initial diagnosis portend a poor prognosis, with 
a five-year survival rate of 50 percent. Similarly staged 
patients with lower AFP and P-hCG levels have a cure rate 
higher than 90 percent. 21 

Following AFP and (3-hCG levels is imperative in moni- 
toring response to treatment in patients who have nonsemi- 
nomatous germ cell tumors. Patients with AFP and P-hCG 
levels that do not decline as expected after treatment have a 
significandy worse prognosis, and changes in therapy should 
be considered. 22 Because curative salvage therapy is possible, 
the tumor markers are followed every one to two months for 



TABLE 2 

AFP and p-hCG Levels in Germ Cell Tumors 
and Gestational Trophoblastic Disease 



Tumor 


AFP elevation 


p-hCG elevation 


Seminoma and 
dysgerminoma 


Never* 


Occasional, 
minimal 


Embryonal cell carcinoma 


Yes 


Yes 


Choriocarcinoma 


No 


Yes 


Yolk sac tumors 


Yes 


No 


Teratoma 


No 


No 


Gestational trophoblastic 
diseasef 


No 


Yes 



Beta Subunit of Human Chorionic Gonadotropin 

The beta subunit of human chorionic gonadotropin 
(P-hCG) normally is produced by the placenta. Elevated 
0-hCG levels most commonly are associated with preg- 
nancy, germ cell tumors, and gestational trophoblastic dis- 
ease. False-positive levels occur in hypogonadal states and 
with marijuana use. 7 



AFP = alpha-fetoprotein; p-hCG - beta subunit of human chorionic 
gonadotropin. 

*—Any detectable AFP indicates the presence of a nonseminomatous 
component' in this situation, the malignancy should be treated as a 
nonseminomatous germ cell tumor. 

t — Gestational trophoblastic disease is not a germ cell tumor; rather, it 
is a rare gynecologic malignancy related to pregnancy. 
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one year after treatment, then quarterly for one year, and less 
frequently thereafter. 8 AFP or 0-hCG elevation is frequently 
the first evidence of germ cell tumor recurrence; a con- 
firmed elevation should prompt reinstitution of therapy. 23 

The P-hCG level is used to diagnose gestational tro- 
phoblastic disease, a rare neoplastic complication of preg- 
nancy. The P-hCG value is followed to assess response to 
treatment and to detect relapse in a manner similar to that 
for germ cell tumors 24 (Table 2). 

Cancer Antigen 125 

CA 125 is a glycoprotein normally expressed in coelomic 
epithelium during fetal development This epithelium lines 
body cavities and envelopes the ovaries. 

Elevated CA 125 values most often are associated with 
epithelial ovarian cancer, although levels also can be 
increased in other malignancies. 9 CA 125 levels are elevated 
in about 85 percent of women with ovarian cancer, but in 
only 50 percent of those with stage I disease. Higher levels are 
associated with increasing bulk of disease and are highest in 
tumors with nonmucinous histology. 9 Multiple benign dis- 
orders also are associated with CA 125 elevations, presum- 
ably by stimulation of the serosal surfaces 10 (Table 1 J. 114 

Insensitivity in early-stage disease and low disease preva- 
lence limit the usefulness of CA 125 in ovarian cancer 
screening. In the largest study to date, 25 CA 125 levels were 
monitored in all patients annually for three years, and 
elevated values prompted ultrasound exaLminations. The 
positive predictive value was 20 percent, translating to five 
exploratory laparotomies for each ovarian cancer diag- 
nosed. Survival was not improved in the women who were 
found through CA 125 screening to have ovarian cancer. 

Randomized trials are being conducted to assess the role 
of CA 125 in ovarian cancer screening. Annual ultrasound 
examination and CA 125 screening have been advocated 
for women with hereditary ovarian cancer syndromes. 26 

CA 125 has been used as an adjunct in the diagnosis of 
pelvic masses. In postmenopausal women with asympto- 
matic palpable pelvic masses, CA 125 levels higher than 
65 units per mL have a positive predictive value of 98 per- 
cent for ovarian cancer. Because premenopausal women 
have more benign causes of elevated CA 125 levels, testing 
for the marker is less useful in this population. 27 

Currently, ovarian cancer is treated with maximal surgi- 
cal reduction, which leaves minimal clinical or radio- 
graphic disease. 26 Because studies have demonstrated con- 
cordance of CA 125 levels with disease activity, oncologists 



rely on CA 125 levels to guide therapeutic decisions. 28 After 
definitive treatment of ovarian cancer, CA 125 levels 
should be obtained every three months for two years, and 
with decreasing frequency thereafter. Elevated CA 125 lev- 
els during follow-up nearly always indicate ovarian cancer 
recurrence. 26 

Prostate-Specific Antigen 

Prostate-specific antigen (PSA) is a glycoprotein pro- 
duced by prostatic epithelium. The PSA level can be ele- 
vated in prostate cancer, prostatitis, benign prostatic 
hypertrophy, and prostatic trauma, as well as after ejacula- 
tion 12 (Table ij. 1 ' 14 

In men with prostatitis, PSA levels return to normal 
within eight weeks of symptom resolution. Waiting 48 hours 
after ejaculation to measure the PSA level has been recom- 
mended. 13 Digital rectal examination does not elevate PSA 
levels above normal values. 29 In men who have been taking 
finasteride (Proscar) for more than six months, reported 
PSA levels should be doubled to accurately reflect true val- 
ues, because the drug is an enzyme inhibitor that suppresses 
normal production of PSA by the prostate gland. 30 

In prostate cancer, the positive predictive value of PSA 
levels greater than 4 ng per mL is 20 to 30 percent and rises 
to 50 percent when PSA levels exceed 10 ng per mL. Nev- 
ertheless, 20 to 30 percent of men with prostate cancer 
have PSA levels within normal ranges. 12 

Modifications to improve the positive predictive value of 
PSA testing include revised limits of normal based on age, 
race, velocity, density, and percentage of unbound (free) 
antigen. To date, these modifications have not resulted in 
improved outcomes. However, in patients with PSA values 
between 4 and 10 ng per mL, the PSA velocity and per- 
centage of free PSA have been helpful in making clinical 
decisions. A velocity of 0.75 ng per mL per year is predic- 
tive of cancer. 31 When less than 10 percent of PSA is 
unbound, the positive predictive value for prostate cancer 
is 55 percent, compared with 8 percent when more than 25 
percent of PSA is unbound. 32 

Prostate cancer screening remains controversial Surro- 
gate evidence of screening benefits include lower PSA lev- 
els 33 and earlier stage of disease at the time of initial diag- 
nosis. 34 Limitations of screening include uncertainty about 
outcome benefit after treatment of localized prostate can- 
cer, 35 potential identification of clinically insignificant 
tumors, 36 and attendant morbidity of treatment. 35 Experts 
from the American Urological Association suggest that 
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patients should be given sufficient information to allow 
them to make an informed decision about prostate cancer 
screening using PSA levels (Table 3J. 37 

If PSA testing is undertaken, an age of 40 years has been 
suggested for initiation of screening in black men and in all 
men with a family history of prostate cancer. 37 In patients 
without established risk factors and a minimum life 
expectancy of 10 years, screening could begin at age 50. If 
elevated PSA values are confirmed, patients should be 
referred for biopsy. 12 Randomized clinical trials are being 
conducted to assess the validity of these recommendations. 

PSA levels predict the presence of metastatic disease. 
Patients with newly diagnosed prostate cancer and PSA lev- 
els below 20 ng per mL rarely have osseous metastasis and 
do not need bone scanning, because the incidence of 
metastatic disease in these men is lower than 2 percent 38 In 
addition, computed tomographic scanning is unnecessary 
in men with PSA levels below 25 ng per mL 12 At our insti- 
tution, if a prostate nodule is detected, the bone scan is 
widely positive, and the PSA level exceeds 100 ng per mL, 
treatment is often instituted without performance of biopsy. 

After treatment of prostate cancer, PSA levels should be 
obtained every six months for five years, and then annu- 
ally. 39 In men who have undergone radical prostatectomy, 
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TABLE 3 

Information for Patients About Prostate 
Cancer Screening 

Prostate cancer is common and potentially lethal; however, more 

patients die with, rather than from, the disease. 
Screening detects more cases of organ-confined disease, but there is 

no proof that this detection saves lives. 
In most instances, prostate cancer is not the cause of an elevated 

PSA level. 

Localized treatment of prostate cancer is effective but is associated 
with complications than can include impotence and incontinence. 

It is likely that prostate cancer screening using the PSA level is 
beneficial in a subset of men; however, the characteristics of this 
subset have not been defined. 

PSA = prostate-specific antigen. 
Information from reference 37. 



any detectable PSA is significant. 12 Salvage radiotherapy 
may be appropriate in these patients if recurrence is lim- 
ited to the prostate bed as determined by ProstaScint scan- 
ning, a nuclear medicine test using a radiolabeled antibody 
that targets only prostate tissue. 

After radiotherapy, a PSA nadir is not reached for one to 
two years. Three consecutive elevations of the PSA level 
indicate biochemical relapse in previously irradiated 
patients. 12 Metastases do not become clinically evident for 
an average of eight years, and death does not occur for an 
average of 13 years. Thus, management decisions must 
include consideration of a patient's age and comorbid 
conditions. 40 

Cancer of Unknown Primary 

Confusion exists about the value of tumor markers in a 
patient with cancer of unknown primary. Intuitively, a 
panel of tumor markers should help to establish the origin 
of the tumor. Unfortunately, most tumor markers are too 
nonspecific for this purpose. However, with adenocarci- 
noma in older men, significant PSA elevations have suffi- 
cient specificity to make the diagnosis of prostate cancer. 

In poorly differentiated tumors, AFP and 0-hCG levels 
should be ordered. Marked elevations of these tumor mark- 
ers signify the presence of an extragonadal germ cell tumor. 
In women with peritoneal carcinomatosis or malignant 
ascites, treatment for ovarian cancer is instituted if the 
CA 125 level is elevated. 41 

Tumor markers in common use are summarized in 
Table ^•s^ 12 * 16 - 24 - 26 ' 27 ' 39 - 41 
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TABLE 4 

Tumor Markers In Common Use 



Use of tumor marker 

Follow-up after Monitoring of 

Tumor marker Primary tumorjs) Screening Diagnosis primary treatment treatment response 



CA 27.29' Breast cancer No No Consider in patients at high Helpful 

. risk for recurrence; obtain 
CA 27.29 level every 4 to 
6 months. 




(5-hCG a - 24 - 41 Nonseminomatous No Poorly differentiated Nonseminomatous germ Essential in patients 

germ cell tumor, cancer of unknown cell tumor: see AFP treated for 

gestational primary; gestational above. nonseminomatous 

trophoblastic disease trophoblastic In patients treated for germ cell tumor or 

disease gestational trophoblastic gestational 

disease, obtain p-hCG trophoblastic 

level once a month disease 
for 6 to 1 2 months. 




PS A i2.3<wi Prostate cancer Yes Adenocarcinoma of Obtain PSA level every 6 months Very helpful 

unknown primary; for 5 years, then annually. 39 
widely positive Any detectable PSA after 

bone scan and radical prostatectomy 

prostate mass indicates recurrence. 

Three consecutive PSA 
elevations after radiation 
therapy indicate recurrence. 



CA = cancer antigen; CEA = carcinoembryonic antigen; AFP = alpha-fetoprotein; p-nCG = beta subunit of human chorionic gonadotropin; PSA = 
prostate-specific antigen. 

*— Except in highly selected patients with nonalcoholic-induced cirrhosis. 
t— Except in heritable ovarian cancer syndromes. 

Information from references 7, 5, 8, 12, 16, 24, 26, 27, and 39 through 41. 
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